The spatio-temporal expression of connexin43 in Xenopus laevis embryos was studied by in situ hybridization. Cx43 expression is first detected at stage 25 in the developing eye. In stage 32, expression was found in the margin of the lens placode, the cement gland, notochord, and in stage 37 in the branchial arches. Early limb buds show strong expression of Cx43 distally while later on expression is confined to sites of precartilage condensation. q
Results
In mammals, Cx43 is one of more than 15 cloned connexin genes (Bruzzone et al., 1996; Goodenough et al., 1996) . Cx43 transcription is responsive to developmentally important signals like Wnt, PTH and FGF (van der Heyden et al., 1998; Nadarajah et al., 1998; Schiller et al., 1997) . Only four connexins were described so far in amphibians, i.e. Cx30, Cx38, Cx41 and Cx43 for Xenopus laevis (Gimlich et al., 1988 (Gimlich et al., , 1990 Yoshizaki and Patiño, 1995) . In contrast to mammals, Cx43 becomes expressed relatively late during development in X. laevis (Gimlich et al., 1990) and is expressed in many adult tissues (Gimlich et al., 1990; Yoshizaki and Patiño, 1995) . Detailed expression patterns of Cx43 during Xenopus development have not been described.
Recently, Xenopus tropicalis was introduced as a system for amphibian genetics (Amaya et al., 1998) . We isolated the Cx43 gene from X. tropicalis; the coding region shows 95% identity with that of X. laevis Cx43 at the nucleotide level and 99% at the amino acid level (Fig. 1A) . Protein similarity is high with human, mouse, rat, bovine, chicken and fish (Table 1) . Southern blot hybridizations demonstrate that in X. tropicalis Cx43 is a single copy gene (Fig. 1B) .
1.1. Cx43 is expressed in the developing lens, notochord, cement gland and limbs Cx43 expression was first detected by in situ hybridization in the developing eye of stage 25 embryos ( Fig. 2A,B) . Expression levels in the eye increase, showing a double ring pattern at stage 32 (Fig. 2C,D) . Sectioning reveals that Cx43 expression is confined to the anterior and lateral lens epithelium ( Fig. 3A-C) , and at low levels to the ciliary margin (Fig. 3A, arrowheads) . The peripheral ring of expression in the eye (Fig. 2D, arrowheads) is hardly visible in sections, but is located at the border between head mesenchyme and retina (Fig. 3A) . Expression is also found in the notochord (Fig. 2C,F) , posterior part of the cement gland (Fig. 2D ,E) and branchial arches (Fig. 2F,G) . Expression in the notochord posteriorizes (compare Fig. 2C,F) . Abundant expression of Cx43 in the notochord is also found in chick (Dealy et al., 1994) but not in the mouse. Staining in the branchial arches seen in whole mounts ( Fig. 2G ) is hardly visible in sections and presumably represents expression in derivatives of the neural crest as found in mammals (Ruangvoravat and Lo, 1992) . Staining in the brain and otic vesicle is very weak and could not be ascertained in sections when compared to negative sense controls.
In lenses isolated from stage 52/53 embryos, Cx43 is expressed in anterior and stronger in lateral epithelial cells (Fig. 3D,E) . In the mouse, Cx43 is expressed in the lens placode (Yancey et al., 1992) and during fetal stages in the anterior and lateral lens epithelium (Beyer et al., 1989; Yancey et al., 1992; Gao and Spray, 1998) . Similar expression patterns in the lens were found in chick (Musil et al., 1990) and sheep (Yang and Louis, 2000) .
Strong expression of Cx43 is found in the distal part of early limb buds (Fig. 4A,B) . Expression becomes restricted to the developing digits and to regions of precartilage (Fig. 4D,E) . During limb development in the mouse, Cx43 is highly expressed in the apical epidermal ridge (AER) and mesenchyme in a proximal-distal gradient (Ruangvoravat and Lo, 1992) while later on it is expressed in and around precartilage condensations and presumptive perichondrium (Ruangvoravat and Lo, 1992; Yancey et al., To establish the copy number of the Cx43 gene in X. tropicalis genomic DNA was cut, blotted onto filter, and subsequently hybridized with a PstI-BglII fragment, encompassing ,1080 bp of the second exon. After PstI and BglII digestion bands of 5.1 and 7.8 kb, respectively, were detected, XmnI digestion resulted in a 1.0 kb and a 600 bp fragment, both also of expected size. 1992). Similar expression patterns were found in chick (Dealy et al., 1994) . Initial limb development in mouse and chicken (Becker et al., 1999; Makarenkova and Patel, 1999) and mouse skeleton formation (Lecanda et al., 2000) are affected by down regulation of Cx43.
Comparison of the expression patterns of Cx43 in Xenopus with those in mammals and chicken reveals clear similarities in the developing lens, neural crest and limbs. We expect that the promoter of the Cx43 gene that we have isolated from X. tropicalis will be useful to investigate the mechanisms of transcriptional regulation in these tissues in transgenic embryos.
Methods

Cloning of X. tropicalis Cx43
A X. tropicalis genomic library ( generous gift from Dr L. Zimmerman and Dr R. Grainger) was screened at high stringency with a 800-bp probe encompassing the transmembrane domains 3 and 4, the C-terminal coding region and part of the 3 0 -UTR from X. laevis (sense primer: 5 0 -CTTCGCACCTACATCATCAGCAT-3 0 ; antisense primer:
number X17243) according to standard procedures. DNA was sequenced with the ABI Prism 377 DNA sequencer (Perkin Elmer, Foster City, CA, USA).
Embryo manipulation and in situ hybridization
Methods of egg collection, fertilization and embryo culture were as described by Gao et al. (1994) . In situ hybridization was performed as described by Molenaar et al. (1998) using the entire X. tropicalis coding region to generate riboprobes for whole mount in situ hybridization on albino X. laevis embryos. Hybridizations were confirmed using X. laevis Cx43 probes (results not shown). 
